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Abstract 

Exposure to chromium (VI) (250, 500 and 750 ppm as potassium dichromate) via drinking water pregestationally 
in rats revealed embryo- and fetotoxic effects in the form of a significant reduction in the number of implantations 
and number of fetuses. An increase in the number of resorptions, pre-implantation and post-implantation loss in 
chromium (VI)-treated mothers was also observed. No significant visceral abnormality was found . A significant 
increase in sub-dermal hemorrhagic patches on thoracic and abdominal areas was found . Skeletal abnormality in the 
form of reduced ossification in parietal, interparietal and caudal bones was found in the fetuses of chromium 
(VI)-treated mothers. Chromium levels in blood, placenta and fetuses were found to be significantly increased in the 
500 ppm and 750 ppm dosed groups. The duration of estrus cycle was significantly altered after chromium (VI) 
exposure. This study suggests that chromium exposure in rat causes a lower degree of toxicity than in mice as 
observed in our earlier studies. 
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1. Introduction 

Chromium, an essential element for biological 
systems is also used in metallurgical processes, 
chrome plating, pigment production, tanning, tex
tile, ceramic, glass and photographic industries. 
High concentrations of chromium (40- 50 000 
ppm) have · been reported in the effiuents from 
these industries [1]. Besides exposure to industrial 

• Corresponding author. Tel: + 91 522 214118, 227586, ext: 
218; fax: + 91 522 228227; email: intox@itrc.sirnetd.emet.in. 

workers, the general population is also exposed to 
this metal as it contaminates surface and ground 
water, agricultural land and aquatic life [2,3]. 
High levels of chromium are reported to impair 
gestational development as evidenced by epidemi
ological studies in female workers exposed to this 
metal in the work environment [4]. Exposure to 
chromium (VI) resulted in complications during 
pregnancy and childbirth in the form of toxicosis 
and puerperal hemorrhages in women employees 
at a dichromate manufacturing factory [5]. Tipton 
[6] reported the transfer of chromium from the 
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mother to the bones of the developing fetus in 
humans. Pribluda [7] reported that the chromium 
content of bones of pregnant rats decreases with 
advancing gestation. Such relea~ed chromium may 
reach the circulatory system and enter feto-placen
tal tissues through the placental barrier. 

Our earlier study [8] revealed developmental 
changes in mice after oral exposure to chromium 
(VI) pregestationally. However no study to date has 
been carried out to determine the effect of 
chromium in rats exposed pregestationally. A sig
nificant difference in the feto-placental barrier of 

studies [8, l 0, II] . After the completion of the treat
ment, they were kept for mating (1:1) with normal 
healthy adult males overnight. The presence of 
sperm in the vaginal smear was designated as day 
'0' of gestation. The animals were kept in plastic 
cages individually under standard animal care con
ditions. 

They were provided with pellet feed (Cr level 1.45 
pg/g; Lipton India Ltd.) and water ad libitum. The 
body weight and water intake were recorded daily. 
Mating and fertility indices were calculated from 
the formulae: 

No. of females kept for mating - number of mated females Mating index (%) = ---':_::__-----=-~::----:-~---=-----=----=--No. of females kept for mating 

.
1
. . d (o/ ) _ No. of females mated- No. of pregnant females Fertztty m ex /o - .rr. l d No. o; ;ema es mate 

the two species (mice and rats) was observed, with 
mouse fetoplacental unit allowing a greater inflow 
of chromium (VI) from maternal blood to the 
fetuses whereas in rats the feto-placental barrier, to 
a greater extent, restricted the inflow of orally 
administered chromium (VI) [9). Therefore, the 
present study was carried out to determine the 
effect of chromium (VI) on embryo-fetal develop
ment in rats exposed orally during the pregesta
tional period of development. In . addition, we 
wanted to establish the relative species susceptibil
ity and also determine the distribution of chromium 
(VI) in the maternal and feto-placental unit. 

2. Materials and methods 

Adult Swiss albino female rats (120 days old; 
body weight 175 ± 25 g) of proven fertility from the 
Industrial Toxicology Research Centre bred colony 
were taken, synchronised for cyclicity and were 
divided into four equal groups. Group I was given 
tap water (Chromium level< 0.001 ppm) and 
served as controls. The remaining groups (group II, 
III and IV) were given 250, 500 or 750 ppm 
chromium (VI) (as potassium dichromate; AR, 
99.9% pure, Ranbaxy Laboratories Ltd., India], 
respectively, for 20 days [one folliculogenesis cycle 
[8]]. The dose was selected on the basis of our earlier 

Cesarian sections were performed on day 19 of 
gestation in 10 animals from each group. Blood was 
withdrawn from the heart and kept at - 20°C for 
chromium estimation. Ovaries were removed, the 
number of corpora lutea counted, and number of 
fetuses/litter, number of live/dead fetuses, crown
rump length, number of resorptions, weight of 
fetuses with their respective placentae were 
recorded. Pre- and post-implantation loss was cal
culated as described by Palmer et al. [12]. One 
fetus/litter with its placenta was kept at - 20°C for 
chromium estimation. One-third of the remaining 
fetuses were fixed in Bouin's fluid for examining the 
visceral abnormalities [13]. The remainder of the 
fetuses from each group were first examined for 
gross external abnormalities and then were fixed in 
95% ethanol, eviscerated and stained by the 
Alizarin red S method [14] for examining skeletal 
deformities [ 15]. 

2.1. Chromium estimation 

Maternal blood was measured, placenta and 
fetuses were washed with saline, blotted dry and 
weighed, then digested in a HN03/HCI04 (6:1) 
mixture until a white residue remained. This residue 
was dissolved in an appropriate amount of 0.1 N 
HN03 and chromium was estimated on a DC 
Plasma Emission Spectrophotometer (Beckman 
Spectrospan V). Blank and chromium-spiked sam
ples were run and analyzed simultaneously [16, 17]. 
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Table I 
Chromium-induced embryo- and feto-toxicity in rats treated during pregestational period 

Parameter Group I (control) Group II (250 ppm) Group Ill (500 ppm) Group IV (750 ppm) 

Mating Index (%) )()() 80 70 40 
Fertility Index (%) 96 75 57 31 
Weight gain in mothers (g) 70.50 ± 5.19 65.02 ± 3.17" 60.92 ± 2.J3•b 55.5 ± 3.01 abc 
Number of corpora 1utea 10.02 ± 0.91 9.81 ±0.95 7.13 ±0.61"b 4.43 ± 0.50"bc 
Number of implantations 9.51 ±0.% 9.61 ± 0.83 5.91 ± 0.39"b 2.27 ± 0.36800 
Number of live fetuses 9.11 ±0.87 8.29 ± 0.93" 4.12 ±0.5J•b 1.21 ± 0 .J3•bc 
Number of resorptions 0.40 ±0.24 1.09 ± 0.34• 1.72 ± 0.23" 1.03 ±0.29" Pre-implantation loss 5.08 ±0.65 2.03 ± 0.31 17.11 ± 2.t3•b 48.75 ± 5.8J •bc 
Post-implantation loss 4.20 ±0.41 13.73 ± 1.578 30.28 ± 4. t9•b 46.69 ± 5.2J•bc 
Fetal weight (g) 3.54 ±0.41 3.46 ±0.29 3.08 ± 0.37 2.53 ± 0.31 Placental weight (g) 0.67 ±0.08 0.71 ± 0.09" 0.79 ± O.J9B 0.86 ± 0.12• 
Crown-rump length (em) 3.18 ± 0.19 3.01 ±0.27 2.78 ± 0.31 2.61 ± 0.23 

Value represents mean ± S.E. of 10 rats in each group. 
The significance of the difference among various groups was evaluated by applying one-way ANOV A; Significance level: p < 0.05. Comparison between two groups: "vs. control; bvs. 250 ppm; "vs. 500 ppm. 

2.2. Study of estrus cycle 

Vaginal smears from 10 rats from each group 
were taken, once every morning, promptly spread 
on a clean slide and fixed in a solution of ethyl 
ether and ethanol. After staining with H and E, 
the slides were studied microscopically for quan
tification of epithelial cells and the frequency of 
cornified cells was calculated as a percentage. The 
intervals in days between two successive peaks in 
the frequency of cornified cells was taken as the 
length of each individual estrus cycle [18]. The 
study was continued for 12 consecutive estrus 
cycles. 

2.3. Statistical analysis 

Overall significance of differences in mean val
ues between control and treatment groups was 
tested using one way ANOV A. Prior to the analy
sis, normality assumption of the data and homo
geneity of variance between the experimental 
groups was ascertained. The means of the experi
mental groups from the controls and between two 
treatments were compared separately using 
Dunett's post hoc test [19). Significance of differ
ence in incidence of gross and skeletal abnormali
ties between group III and IV was tested using 
Fisher's Exact Test as the expected cell frequen
cies were less than five. 

3. Results 

No notable changes in behavior or clinical signs 
were observed in control or in treated dams. No 
mortality was observed during the experimental 
period. Daily water consumption in groups I, II, 
III and IV was 28.05, 25.78, 24.41 and 20.37 
ml/ratjday, respectively. Based on this water in
take, the chromium level reaching the treated 
groups (II, III and IV) was 6.44, 12.20 and 15.28 
mgfratfday. As the dose was increased, the mating 
index was found to be increasingly reduced. A 
similar pattern was seen with the fertility index 
which was calculated from the mated females 
(Table I). Mothers of group IV and III registered 
a reduction in gestational weight gain (55.5 ± 3.01 
and 60.92 ± 2.13 g, respectively). However, when 
compared with group I (controls), group IV and 
group III gained 21% and 14% less weight, respec
tively. 

The number of corpora lutea was reduced in 
group III and group IV when compared to the 
control group (Table 1). The number of implanta
tions was also signi4lcantly reduced in group III 
and IV when compared to controls. The number 
of fetuses per litter was significantly reduced in 
groups III and IV when compared to the control 
and the 250 ppm group (group II). However, 
when group III and IV were compared they did 
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Table 2 
Incidences of gross and skeletal abnonnalities in the pups of chromium-treated rats during the pregestational period 

Parameter Group I (control) Group II (250 ppm) Group III (500 ppm) Group IV (750 
ppm) 

Gross abnonnalities 
Number of pups/litter observed 72/ 10 70/ 10 51 /10 19/ 10 
Drooping wrist 0 0 0 6/4 (32) 
SulHiennal hemorrhagic patches 0 0 8/6 (16) 8/4 (42)" 
Kinky tail 0 0 0 8/6 (42) • 
Short tail 0 0 4/4 (9) 10/4 (53t 
Skeletal abnonnalities 
Number of pups/litter observed 48/10 45/ 10 34/ 10 19/10 
Reduced parietal ossification 0 0 0 12/ 10 (63)" 
Reduced inter-parietal ossification 0 0 0 10/10 (53)• 
Reduced caudal ossification 6/4 (12) 8/5(18) 18/8 (53)" 18/ 10 (95)" 

Gross and skeletal abnonnalities are represented as number of abnonnal pups/litter observed; percentage in parentheses calculated by the total number of pups observed. 
Statistical significance evaluated by Fisher's Exact test; comparison between two groups: •vs. control. Significance level: p < 0.05. 

not show any marked difference. The number of 
resorption sites was found significantly increased 
in all the groups compared with controls. Pre- and 
post-implantation loss was also significantly in
creased in all the groups compared to controls 
(Table 1). 

3.1. Gross abnormality 

There were significant gross structural abnor
malities in group IV in the form of sub dermal 
hemorrhagic patches on the thoracic and abdomi
nal areas, as well as kinky and short tails (Table 
2). 

3.2. Visceral abnormality 

No gross visceral abnormality was seen in any 
of the treated groups. 

3.3. Skeletal abnormality 

Significant increases in the incidence of reduced 
ossification in parietal, interparietal and caudal 
bones were observed in the 750 ppm dosed group, 
whereas the 500 ppm dosed group revealed signifi
cant incidence of reduced ossification in caudal 
bones only (Table 2). 

3.4. Chromium levels 

Chromium levels were found to be significantly 
increased in the treated rats of group III and IV 
as evidenced by significantly higher metallic levels 
in maternal blood, placenta and fetuses (Table 3). 
The rate of transfer of chromium from the mother 
to placenta and from placenta to fetus, calculated 
as a ratio, revealed that in group IV the placental 
metal level was more than in the other treated 
groups which showed almost the same chromium 
transfer. The transfer ratio from placenta to fetus 
did not show any change in any of the treated 
groups. 

3.5. Estrus cycle 

The length of estrus cycle was increased due to 
chromium treatment in all the groups but was 
only significant in the highest dosed group (Table 
4). 

4. Discussion 

In the present study, rats exposed to chromium 
through drinking water during the pregestational 
period revealed a reduced number of corpora 
lutea and implantations, retarded fetal develop-
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Table 3 
Chromium concentrations in different tissues of rats treated during the pregestational period 

Tissue Group I (control) Group II (250 ppm) Group III (500 ppm) Group IV (750 ppm) 

Blood (pgfml) 0.034 ± 0.007 0.049 ± 0.006" 0.059 ± 0.008" o.J92 ± o.oo1•bc 
Placenta (pgfg: fw) 0.093 ± 0.001 0.151 ±0.008" o.J68 ± o.oo2•b 0.232 ± 0.019-bc 
Fetus (/1 g{g: fw) 0.042 ± 0.008 0.069 ± 0.007 0.163 ± 0.013"b 0.241 ± O.OJJ •bc 

Values represent mean± S.E. of five rats in each group; fw, fresh weight. 
Significance of the difference among various groups was evaluated by applying one-way ANOV A; Significance level: p < 0.05; comparison between two groups: •vs. control; hvs. 250 ppm; "vs. 500 ppm. 

ment and embryo- and fetotoxic effects as evi
denced by the reduced number of fetuses (live and 
dead) per dam and higher incidence of still births, 
pre- and post-implantation loss in 500 and 750 
ppm dosed mothers. 

In our earlier study [8], a complete absence of 
implantation in 750 ppm treated mice was noted 
though reduced ovulation was present as evi
denced by the significantly reduced number of 
corpora lutea. Mating was noticed in the 750 ppm 
group indicating that chromium treatment did not 
drive all the mice acyclic. The present study shows 
a species difference in the sensitivity between rats 
and mice. The chromium exposure (750 ppm) to 
mice showed a more significant effect on the 
duration of estrous cycle (72%) as compared to 
that in rats (37%). A differential effect on the 
implantation has also been observed in the two 
species but no correlation has been established 
yet. 

The litter size in the 500 and 750 ppm dose 
groups was significantly reduced. This may be due 
to the effect of chromium (VI) on preimplantation 
embryos as evidenced by the study of Jacquet and 
Draye [20]. The maternal chromium is reported to 
pass freely through the placenta to the growing 
fetus as evidenced earlier from the analysis of 
bones from 120 human embryos in which the 
chromium content increased with age [7]. The 
levels of chromium used in the present study are 
not usually found in the environment but may be 
encountered at the work place or in effiuents from 
the industrial establishments (40- 50000 ppm) [1]. 

Earlier studies have reported impaired gesta
tional development when chromium was adminis
tered parenterally. Gale [21] injected 8 mg 
chromium trioxide per kg intravenously in ham-

sters on day 8 of gestation and found increased 
incidence of cleft palate. 

In the present study, chromium accumulation 
in the fetuses of the 500 and 750 ppm groups 
might be attributed to the excessive transfer from 
maternal blood through placenta to fetus as evi
denced by the placental/fetal chromium ratio. 
Therefore, the impaired fetal physiology in group 
III and IV resulting in embryo- and fetotoxic 
effects might be due to chromium accumulation 
as also seen with other heavy metals (Hg, Cd) and 
other xenobiotics [22]. Chromium (VI) is more 
readily transferred to the embryo and fetus [6,23] 
and is reported to produce teratogenic effects 
probably due to higher embryonic concentration 
[23]. 

The length of the estrus cycle was significantly 
increased in the highest dosed group (750 ppm). 
This might be correlated with the reduced number 
of ovulations observed in the highest dosed group 
as has already been reported and explained for 
chromium (VI) [24] and other chemicals [I 8]. The 
length of estrus cycle was also prolonged due to 
cadmium administration as reported by Baranski 
and Sitarek [25]. 

Danielsson et al. [23] studied the embryonic and 
fetal levels of chromium in early and late gesta
tional stages of mouse and reported high placental 
chromium and increased passage to the fetus 
thereby affecting directly the embryonic struc
tures. The lack of any marked teratological 
changes in the pre ent study compared to other 
investigators who exposed dams through par
enteral administration, may be due to diminished 
uptake of chromium through the intestinal wall 
[26], when administered through drinking water. 
The absorption of some chromium through the 
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Table 4 
Effect of chromium on the duration of estrus cycle 

Group I (control) Group II (250 ppm) Group III (500 ppm) Group IV (750 ppm) 

Estrus cycle (days) 5.2 ± 0.2 5.4 ± 0.7 5.7 ± 0.6 1.1 ± o.5• 

Value represents mean± S.E. of 10 rats in each group. 
Significance of the difference among various groups was evaluated by applying one-way ANOVA; significance level: •p<0.05; 
comparison between two groups: •vs. control. 

intestine in experimental animals and humans is 
well documented [27] and chromium (VI) is ab
sorbed to a greater extent than chromium (III) 
through the gastro-intestinal tract [28]. Coogan et 
al. [29] reported higher tissue levels of chromium 
(VI) compared to chromium (III) which reflects 
the greater tendency of chromium (VI) to traverse 
the plasma membrane and bind to the intracellu
lar protein in various tissues, and this may explain 
the greater degree of toxicity associated with 
chromium (VI). Embryonic and fetal levels of 
chromium (VI) after chromate exposure to preg
nant rats is reported to be 10 times greater [23] 
than that found after exposure to corresponding 
doses of chromium (III). 

Therefore, the present study indicates that suffi
ciently high chromium (VI) intake through drink
ing water pregestationally affects the embryonic 
and fetal development in rats and mice differently, 
the latter being more sensitive. Pregestational ex
posure causes deleterious effects during the pro
cess of preimplantation embryonic development 
and thereby implantation, while exposure during 
later development increases the number of re
sorbed and dead fetuses. 
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Table 2 
Incidences of gross and dceletal abnonnalities m the pups of chromium-trukd rau dunng the prqa;tational period 

Pardll1ctcr Group I (control) Group II (250 ppm) Group Ill (SOO ppm) Group IV f 7SO 
ppm) 

Gron .tbnonnillities 
~umber of pup5,.'httcr obicnted 72/ 10 70!10 51 / 10 19 ' 10 
L.>roopi ng wrist 0 0 0 614 (32) 
Sub-dermal bemorrhagW: p.uc~ 0 u 8:6 ( 16) 8.•4 (42)" 
Kin!..y uul c. () 0 816 (42). 
Short tail (I 0 4 14 (9l 1014 (53)" 

Skeletal abnormalities 
Num!JH of pu~.'liucr obsened 4li/ IO 45.' 10 34: 10 19110 
Reduced parietal Gssification (I 0 0 12: w (63r 
RcdtX.'ed mter· JX!rietal ossifianion 0 0 0 10:10 mr 
Reducl!d ~audal ossification 614 (12) Il l ~( Ill) 18/11 (53)" 111110 (951" 

Gross and skekt11l abnormalities are represmted as number of abnormal pups/litter observed: percentagt' in PIH~theses calculated by the total numher of pups ob!;erved. 
Statistical ~isniticance e\·aluated b)· Fisher's Er.act te5t; oompill'ison between rwo group:.. 4 \'S control. Significance k~·cl : p <0 05. 

Above: Kanojia, RK; Junaid, M; Murthy, RC. (1996). Chromium induced teratogenicity in female rat. Toxicollett 89: 
207-213. 

Below: Junaid, M; Murthy, RC; Saxena, OK. (1996). Embryo and fetotoxicity of chromium in pregestationally exposed 
mice. Bull Environ Contam Toxicol 57: 327-334. 

TAble 2. Incidences of g'ross And skeletAl abnormalities in the pups of dams treated with 

chromium during the pregestational period. 

Parameters 

Gross abnot•malities 
Number of pups/litters observed 
Drooping rist 
Sub-dermal hemorrhagic patches 
Kinky tail 
Short tail 

Skeletal abnormalities 
Number of pups/litter observed 
Reduced parietal ossification 
Reduced inter-parietal ossification 
Reduced caudal ossification 

Group l 
(Control) 

72/10 
0/ 10 

0 
0 

0 

.18 /10 
0 
0 

6/.j ( 12) 

Group II 
(250 ppm) 

51/10 
0/10 
B/6 (161 

0 
-l/4 ( 91 

3.-1/10 
0 
0 

18/8 !S3) a* 

Group III 
(500 ppm) 

19/10 
6/.J (321 
8/-1 ( ~2 t 
S/6 ( 121 
10/~ (5J ) 

19/10 
12/10 ( 631 
10/10 (53) 
18/10 ( 951 

a* ... 
a• 

R* 
a* 
a:t 

Gross and skeletal abnormalites are repreGented as number of abnormal pups/litters observed. 

The statistical significance was evaluated by Fisher's Exact test (Drunning a.nd Kintz 1977). 

Percentage in parentheses calculated by the total number of pups observed. 

'* Significance p < 0.05. Comparison between two groups: a-vs control. 
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Table J 
Chromium conamtrations in d1ITerent ti~ues of rat~ treated durinJ the pregest11tionaJ period 

Tissw: 

mood (pg: ml) 
Placmta (/18}8: fw) 
Fetus (Jig. 'l!: fw) 

Group I ccontrol) 

0_034 = 0_007 
OJ)93 o_QOJ 
0 042 ± OJJ08 

Group II (2SO ppm) 

0.049 :t 0.()()6" 
0 .151 ± 0 .008" 
0 .069 :t 0_007 

Values rcprcsc:nt mean .i S.E- of five rats m c.ach Jroup; fw. fresh waghl. 

Group HI (m ppml 

0J)59 ± 0_()08" 
0 .168 ± 0 .0023b 
0.163 + o_otJ•b 

Group IV (750 ppm) 

0 . 191 ± 0 .007"bc 
0.2.12 ± O.OJQ&~><' 
0_141 _ O.OIJ"b.. 

:m 

Significance of the diiTerC'flCe amoR,g ~atious groups was c~·~lualcd by applying one-wliy ANOVA : Signifi~-un~:e level; p < O.OS; <."'mpariS('In bet~-een two groups: •vs. control ; "vs. 2~0 ppm; "vs. ~00 ppm. 

Above: Kanojia, RK; Junaid, M; Murthy, RC. (1996}. Chromium induced teratogenicity in female rat. Toxicollett 89: 207-
213. 

Below: Junaid, M; Murthy, RC; Saxena, OK. (1996}. Embryo and fetotoxicity of chromium in pregestationally exposed 
mice. Bull Environ Contam Toxicol 57: 327-334. 

Table 3. Chromiutu concentl·ations in different tissues of mice treated durin~ the pre:estational period 

Tissue Group! Group II Group Ill Group 1\-
(Control) (250 ppm) (500 ppm) (750 ppm) 

Blood 0.03 .. 0.007 0.05 ± 0.006 a* 0.06 + 0-0011 ll* 0. 13 ± 0 .007 abc* !~g/•Ll 

PlacE.'nta 0.09 i 0.001 0.14 ± 0.008 a* 0.17 ± 0.002 ab* llio i11plantation (~g/g: f_ w_ I 

IIP.tus 0.04 ± 0.008 O.Oi + 0.007 0.16.! 0.0 13 ab* No i11plautation ~~g/1(: r ..... 1 

Vnlu_es represent meiUI :l: S.E of 5 m1ce m each group. 

The si~cance of the difference amone various ~roups was evaluated by apph>ine one-way ANOVA followed 

by Stud.ent's 't' test (Brunning and Kintz 1977)_ * Significance p < Q_Q5. 

Comparison between two groups: a -vs control: b -vs 250 ppm; c -VS 500 ppm_ f.w. q fresh wei2ht . 
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HABITUATION TO BUTYL ALCOHOL 

Novosibirsk Research Branch of the Plastopolymer Association, Novosibirsk 

The effect that butyl alcohol has on the body in animals and humans has not been sufficiently 
studied, especially with respect to long-term inhalation exposure in small concentrations. We conducted 
an experimental study on butanol habituation during long-term inhalation of its vapors in small 
concentrations. The experiments were performed on male white mice. The animals were allocated into 
4 equal groups. The first was not subjected to butyl alcohol exposure and served as the control. The 
second group inhaled butanol vapors in a concentration of 0. 78 ± 0.05 mg/m3. The third group received 
a concentration of 6.6 ± 0.39 mg/m3 and the fourth was exposed to a concentration of 40 ± 42 mg/m3

. 
Each group comprised 10 - 12 animals. In addition, 8 male rats were placed in each cage of the 
chambers in order to ascertain butanol's effect on the acid resistance of red cells. 

Dynamic priming was done continuously in a chamber measuring 0.46 m3. The control group of 
animals was placed in an identical chamber through which room air was drawn. The butanol 
concentration in the chambers was measured 4 times per week on the Tsvet-4 gas chromatograph. 
Habituation was judged according to change in the duration of hexenal-induced sleep and the toxicity 
of the butanol after 30 days of the experiment. The solution ofhexenal was injected intraperitoneally 
using a computation of 60 mglkg of the animal's body weight. Butyl alcoho I was injected 
intragastrically based on the median lethal dose. It was preliminarily determined that its median lethal 
dose for mice is equal to 2.68 g/kg. The method of I. A. Terskov and I. I. Gitelzon was used to 
determine the acid resistance ofthe red cells. 

The experiments demonstrated that the continuous inhalation of butanol vapors, even in a 
concentration at least 1 0 times smaller than the maximum allowable concentration for industrial 
facilities, was a relevant factor for the animals. Thus, after 30 days of butanol inhalation exposure, the 
duration ofhexenal-induced sleep was decreased in comparison with the control, and the survival rate 
was increased with the intragastric administration of the substance's median lethal dose. At the same 
time, the extent of the changes in the parameters studied by us was different for each animal group. In 
the mice subjected to butanol inhalation exposure in a concentration of 0. 78 mg/m3, the difference from 
the control was insignificant, but the trend of the changes was exactly the same as that in the animals 
inhaling butanol vapors in higher concentrations. More pronounced changes were observed in mice 
inhaling butanol in concentrations of 6.6 mg/m3 and 40 mg/m3

, even though the first concentration was 
less than the maximum allowable concentration by a factor of nearly 2, and the second one was only 4 
times greater than the maximum allowable concentration. The toxicity of butanol during intragastric 
administration was significantly decreased (P < 0.01 ). The duration ofhexenal-induced sleep declined 
in the first case by a factor greater than 2 (P < 0.01), while in the second case, this was almost by a 
factor of2 (P < 0.05). 

Butanol and hexenol are among those substances having a narcotic effect and, for this reason, it 
is valid for the changes we detected in the body's response to their one-time injection in large doses to 
be associated with narcotic habituation during long-term delivery in small doses. In the opinion of a 
number of researchers (1. D. Gadaksina et al.; Ye. I. Lyublina et al., and others), habituation is a 
relevant factor for animals and for humans. It is accompanied by stress of the body's compensatory 
responses, which are able to shift to decompensation at a certain stage of a toxin's effect. Some increase 
in the duration ofhexenal-induced sleep in the animals exposed to butanol at the 40 mg/m3 

concentration, as compared to the animal group inhaling butanol vapors concentrated to 6.6 mg/m3 



evidently points to the appearance of a downward trend of the body's compensatory responses. 
That butanol in a concentration of 0. 78 mg/m3 was relevant for the animals is also evidenced by 

a change in the acid resistance of the red cells in the rats. After 30 minutes, we found there to be a 
defmite decrease in the percentage of stable red cells at the fourth minute (P < 0.05) in all animal 
subject groups along with some shifting of the erythrocyte histograms toward an increase of less stable 
red cells in rats inhaling butanol in the 6.6 mg/m3 concentration, and there was an increase in the 
percentage of more stable red cells in the animals primed with butanol in a concentration of 
0.78 mg/m3

. No erythrocyte histogram shift was detected in rats inhaling butanol in the highest 
concentration ( 400 mg/m3

). 

Hence, with long-term inhalation exposure to a small concentration of butanol (6.6 mg/m3
) that 

is almost 2 times lower than the MAC for industrial facilities, there are definite changes in the duration 
of hexenal-induced sleep, the toxicity of butanol for mice, and the acid stability ofrat red cells. Butanol 
in a concentration an order of magnitude lower than the maximum allowable concentration was also a 
relevant factor for the animals. Judging by the results ofthe experiment, there is a need for further 
research on the effect had on other systems of the body by long-term exposure to small concentrations 
of butanol. 

REFERENCES. Gadaksina I. D., Lyublina Ye.l. , Minkina N. A. et al. Gig. Truda, 1961, No. 11 , 
p. 13.- Lyublina Ye. 1. , Minkina N. A. , Rylova M. L. Adaptation to industrial toxins as a phase of 
intoxication. Leningrad, 1971. - Terskov I. A. , Gitelzon I. 1., Biofizika, 1957, Vol. 2, p. 259. 

Received 2 Sept. , 1974 



********************************************************************* ********************************************************************* 

Document-ID: ci-7937857 

Patron: Michelle Michlovitch 

Note: 

NOTICE: 

********************************************************************* ********************************************************************* 

Pages: 3 Printed: 08-14-09 11:04:38 

Sender: CISTI - HelpDesk 



IIDI~IImlllllllllll~lllllll IIIII 11111111111 COPY 1111111111~111111111 1111111111111111111111111 ~11111111111111811111 
CI-07937857-7 

CISTI ICIST 
Service de fourniture de Documents Document Delivery Service 

in partnership with the Canadian Agriculture Library en collaboration avec Ia Bibliotheque canadienne de !'agriculture 

THIS IS NOT AN INVOICE I CECI N'EST PAS UNE FACTURE 

MICHELLE MICHLOVITCH 
ENVIRONMENTAL SCIENCE CTR LIBRARY 
SYRACUSE RESEARCH CORP 
7502 ROUND POND ROAD 
NORTH SYRACUSE, NY 13212 
UNITED STATES 

Telephone: 315/452-8413 
Fax: 315/452-8440 

Direct 

17 

$ 17.00 

Periodical 

ORDER NUMBER: 
Account Number: 
Delivery Mode: 
Delivery Address: 
Rep1yVia: 
Reply Address: 
Submitted: 
Received: 
Printed: 

OPENURLOPAC 

CI-07937857-7 

FGH48273 

ARI 
216.7 .29.50 

SMT 
mmichlovitch@syrres.com 
2009/07/27 09:48:05 
2009/07/27 09:48:05 
2009/08/13 15 :28:19 

UNITED STATES 

Copyright Fee: MANDATORY 

MAIN Ser RA421 G42 

Gigiena i sanitariia (Moscow, R.S.F.S.R. 
10479569 

[1946-1954]; 1955- c. L 

1943) 

Title: 
DB Ref. No. : 
ISSN: 
Voi./Issue: 
Date: 
Pages: 
Article Title: 
Article Author: 
Report Number: 
Publisher: 
Client Number: 

GIGIENA I SANITARII II A. 
IRN10479569 
ISSN00169900 
ISSUE 5 
1975 
104-105 
ADAPTATION TO BUTYL ALCOHOL 
KOLESNIKOV 
IRN10479569 
MEDGIZ, 
FA498.CF999.0.204.000.0DC N-BUT ANOL CARLSON-LYNCH 

Estimated cost for this 2 page document: $14 document supply fee+ $1.75 copyright= $15.75 

The attached document has been copied under license from Access Copyright/COPXBEC or other rights holders 
through direct agreements. FUrther reproduction, electronic storage or electronic transmission, even for 
internal purposes, is prohibited unless you are independently licensed to do so by the rights holder. 

Phone/Telephone• 1-800-668-1222 (Canada- u.S./E.-U.) 
www.nrc.ca/cisti Fax/Telecopieur• (613) 993-7619 
www.cnrc.ca/icist 

1 I 1 

(613) 998-85'' (Xnternational) 
info.ciati@nrc.ca 
info.icist@nrc.ca 

PaJ:?;e 1 I 1 



HOC BOJ).OCHaCiJKCHHC CeJI3 (B HeKOTOpbiX paiiOH3X HX HCnOJJb3yeT OT 88 ft.O 97% CeJJbCKOfO HaCeJteHH.II}, CBOHCTBCHHbl !IpOI.{ecCbl HaKOnJieHHSI HHTp3T08 K3K KOHC'IHOfO npo.u.yrna MHHCpaJJH38JJ.HH opraHH'ICCKHX ae~ecrB . Bo.u.a 80,27% o6CJieAoBaHHblX Kono.nues co.nepJKaJJa HHrpaTbl a KOJJH· 'lecTBe, npeBbllllaiOmeM 10 Mr NIJJ . 
YcTaHOBJICH8 o6paTH3.11 38BHCHMOCTb MCJKAY KOHUCHTp3UHCil: HHTparoa B BOAC H rJJy6HHOH KoJioAu.es (Ko9¢q>HUHCHT KoppeJJ.RUHH 0,91) . 11ccne.noaaHHe rpyHTOBbiX BOA no apeMeHaM ro.na !I03BOJJHJIO BbiSJBHTb npsrMyiO 33BHCHMOCTb )fC>KJJ.Y COACp>K8HHCM HHTp3TOB B BOAC KOJIO.llUeB H KOJIH'ICCTBOM Bbln8BWHX OC8.U.KOB (K03¢$HUHCHT KOppenHUHH 0,65). BblHBJlCHHbiC 38KOHOMep. HOCTH CBHACTe.llhCTBYIOT 0 TOM, 'ITO KOiill.CHTp3UHH HHTp3TOB B BO.U.C 06CJ!C.llOB3HHbiX KOJIOJlll.CB OTpa>KaeT BJJHHHHC CTenCHH 3arp!'31iCHHll no'IBbl CCJJbCKHX H8CeJJCHHblX nyHKTOB. l(poMe roro, H3Y'ICHbl 27 383 HcropHH H6ilopoJKA~HHbiX ropo.ncKHX (6o6pyikK, MHHCK) H 8 paiioHHbiX po,AoacnoMoraTCJJbHblX y'lpC>K.U.CHHA MHHCKoil, BHTC6CKOH H MorHJICBCKoii o6naCTeii, a T3K>KC npoBC.llCHO COOOCT3BJICHHC Jl3HHblX, xapaKTCpH3YIO~HX '18CTOTY BpOlK.!lCHHbiX nopOKOB, .!lH3fHOCTHpoB3HHbiX B nepHH8T3JibHOM nepHOJl.C B ropOJl.CKOH H CeJJbCKOH MCCTHOCTH . B peayn bTare &HanHsa nony'leHHbiX ABHHbiX He Bbll!BJieHo cy~ecTBeHHbiX pa3JIH'IHH B Y.U.eJJb · HOM BCCC HOBOpO)I(JlCHHbiX C BpO>K.ACHHb!MH !IOpOKaMH pa3BHTHH !IJ!OJJ.3 Cpe)lH CeJJbCKH:X >KIITCJieii no cpasHeHHIO c ropoilCKHMH. TaK, cpe.nH cenbcKoro HaceneHHH npoueHT apo>K.ACHHb!X nopoKoB COCT8BHJI 1,67, cpC.llH ropOJl.CKOfO- 1,10 (P>0,05) . 11CXOJJ.ll H3 TOro, 'ITO B CT3THCTH'ICCKHX pa6oTax, npoae.neHHbJX 8 ClliA B r.nP. co.nep>KaTCH ll3HHble 0 6onee BbiCOKOM npoueHTe BpO>K· )I.CHHbiX !IOpOKOB y fOpOJJ.CKHX >KI!TCJICH, 3 H3lll M3TepH3JI 0 KOJJH'ICCTBC )lCTeH C 3THMH !IOpOK8MH cpaBHHTCJibHO Man, Mbl conocraBHJJH Bee JJ.CTCH >KHTene}{ cena H ropo~a npH poJKAeHHH . DpH cpaBHCHHH KOJlH'IeC'rila )I.OIIOWCHHbJX HOBOIJO>K.AeHHbiX C OTHOCHTCJibHO HH3KHM BCCOM (AO 3,5 Kr) B ropO.llCKOH (55,94%) H CeJJbCKOH (60,30%) MecTHOCTH He 06HapylKCHO cy~ecTBeHHbiX pa3JIR· 'IHH (P>O,OS) . 

CJ!e)lOB3Te.llbHO, HCT OCHOB8HHH paCCM3TpHB8Tb !IOBbllllCHHOe co.nep>KaHHe 330T3 HHTp3TOB B rpyHTOBbiX 80Jl.8X K3K O~Hy H3 npH'IHH, cnoco6cTBYIOlllHX 8HTCH8T8JlbHOK fHIIOTpO<jJHH UJ!Oll3. B HacroRmee apeMSI s CeJJhCKHX HaceneHHbiX nyHKTax pecny6nHKH HaMCTHnacb BblpaJKeHHaH TCH)I.eH!l;Hll K nepexo~y H3 ueHTpaJIH30B3HHOe BO)lOCH36lKCHI!e 33 C'ICT IIC!IOJJb30B8HHll rnyOOKHX oo.n.oHOCHbiX ropH30HTOB, o6na)laiOlllHX .n.ocTaTo'IHOH caHHrapHoii Ha.ne>KHOCThiO. 3ro nocny>KHT O)lHOft H3 pa.nHKaJihHbiX npoqmnaKTH'ICCKHX Mep, npH3BaHHbiX orpa,ll.HTb opraHH3M 'leJJOBeKa OT Bpe.D.HOfO B03.D.Ci%CTBHSI HH1p3TOB !IHTbCBOH BOJJ.bl . 
nocrynHna 16/X 1974 r. 

'Y Jl K!&J 5. SJ: 647. 264]. OJ 5. 6 KaHJJ.. MeJJ.. HayK n. A. KoAeCH.UK08 

nPHBbiKAHHE K liYTHnOBOMY CnHPTY 
HosocH6HpCKHil HaytJHo-HcCJie.llosaTenbCKHii lj>HJJHaJI o6ne~HHeHHH «DnacTnOJIHMep», HoBOcH6HpcK 

BJIHliHRe 6yTHJioaoro cnHpTa Ha opraHH3M >KHBOTHbJX H qenoaeKa H3Y'ICHO He.nocTaTO'IHO, OC06eHHO npH ~JJHTe.llbHOM HHfaJISIU.HOHHOM JJ.CHCTBHH ero B MaJJbiX KOHUeHTp3UIIS!X. HaMil npo· Be)lCHO 9KCTICpHMCHT3JibHOC 113Y'ICHHC npHBb!K3HHll K 6yTaHOJJY npH ,llJJHTe~bHOM BJ).b1X8HHH ero napoa a HCOOJlbWHX KOHll.CHTPBll.HHX. OnbiTbl npoBC,llCHbl Ha 6enblx Mblwax-caMu.ax. )KHBOTIIble 6hiJJH pacnpe.nenenbl 11a 4 paaHble rpynnbl. 1-ll rpynna He no.nsepranacb .neii:cTBHIO 6yTHJioaoro CnHpTa II CJ!Y>KHJI8 KOHTpOJJeM, 2-.11 B)lbiX3JJ3 napb! 6yTaHOJJ3 B KOHI.leHTpaUHH 0, 78± Q ,05 MrfM 3, 3 ·H - a KOHUCHTpaJJ.HH 6,6± 0,39 Mr/M3, 4-SI - B KOHll.CHrpall.HH 40± 42 MriM3. Ka>K.AaSJ rpynna coCTOHJia H3 10-12 >KHBOTHblx. KpoMe roro, a KJJeTJ<ax KaMep paaMemanH no 8 Kphlc-caMuoa JlJISI onpe)lCJICHifll BJJH.IIHHH 6yTaHOJJa Ha KHCJJOTHYIO pe3HCTCHTHOCTb 9pHTpOUHTOB. 3aTp3BKY npOH3BO)lHJJH B KaMepe eMKOCTbiO 0,46 M3 }{I!H8MH'ICCKHM CUOCOOOM, Kpyrnocy· TO'li!O. l(oHTpoJJbH)'IO rpynny lKHBOTHbiX p33MC!ll8J!H B 8H8JIOfH'IHOl! K3Mepe, '1Cpe3 KOTOpyJO npOTHfHBaJJR KOMH8THbiH 803~yx . l(oHu;eHTp3UHIO 6yTaHOJI8 B KaMepax onpe,ACJiliJIH 4 pa3a B HC.D.CJJIO H8 rasoBOM XpOMarorpa<j>e «IJ.BCT·4». 0 npHBbiK8HHH Cy)lHJlH !IO H3MCHCHHJO )J.JJHTeJJbHOCTH rexce11anoaoro c11a H TOKCH'IHOCTH 6yTaHona '!epe3 30 )J.Hell O!IbiTa . Pacrsop reKceHana BBOJlHJIH BHYTPR6p10IDHHHO 113 pac'ICTa 60 Mr/Kr seca Te.lla li<HBOTHOro. ByTHJ!OBhiH cnRpT BBO.Il.HJIH BHYTPH>Keny~o'IHO H3 pac'lera cpe)lHCCMepTCJJbHOH .n.osbl. Dpe.n.sapHTCJJbHO 6blno onpe.neneHo, 'ITO ero cpe)I.HeCMeprenhnaH ~osa ~J!H Mblweii paa11a 2,68 r/Kr. KHCJIOTHYIO pe3HCTCHTHOCTb 9pHTpouHTOB onpe.n.ensrJJH no Mero.ny 11. A. TepcKosa R 11 . 11. fHTCJlb3oHa . 3xcnepHMCHTbl noxa3aJII!, 'ITO Kpyrnocyro'IHoe BJJ.b!XBHHe napoa 6yTaHOJJa .na>Ke a KOHUeHTpauHH, 6onee 'leN a 10 pa3 MCHbrueii npe~enhHO JlOnycrHMOH Jin.R npoH3· BOACTBeHHbJX noMemeHHii, He6eapa3JIH'IHO ~Jill >KHBOTHIJIX. · Tax, 'lepea 30 cyT HHraJij!· l.{HOHHOfO B03)lCHCTBH}I 6yTaHOJl3 y BCeX !IO~OnbiTHbiX >KHBOTHbiX no cpaBHCHHIO C KOH-1pOJ!bHb!MH yMeHbWHJ!3Cb )tJ!HTeJJbHOCTb reKceHBJIOBOfO CH3 H yaenH'lHJJ3Cb Bbi>KiiB3eMOCTb npH BHYTPH>KCJIYJl.O'IHOM ase.n.eHHH cpeJJ.HCCMepTCJJbHOH .noah! aemecTsa . DpH 3TOM creneHb Bblpa>KeHifocrH H3MeHCHHH Ht:CJ!CJlOB3HHbiX H3MH nOK838TeJieH y K8>K)J.OH rpynnbl >KHBOTHbiX 6blna pa3JJH'IHOii. Y MbiWCH, no~BCpraBWHXC.R HHfi\J!HUIIOHHOMY B03)leltcTBHIO 6yT3HOJl3 B KOHll.CHTpa· UHH Q, 78 Mr/M3, OTJJH'!He OT KOHTpOllH 6blJIO HC,llOCTODCpHblM, HO HanpaBJleHHOCTb H3MeHeHHA: 6b1Jl8 T3KOH >Ke, K3K H y >KIIBOTHb!X, B.llbiX3BU!IIX napbl 6yT8HOJI3 B OOJJee BblCOKHX KOHI.lCHTpa· 
104 
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~Jlo 97% ceJJbCKoro Hace.n~ 
l rrpo.nyKT3 MHHepaJJH33~HH 
O)lepJKaJia HHTp3Tbl B KOJIH-

HTp3TOB B BO)I.e H rny6HHOfi 
I~X 80Jl TIO BpeMeHaM fO)la 
Tp3T08 B BO)le KOJIO)lUeB H 

BbHIBJieHHble 3aKoHoMep
tJle o6cnenosaHHblX KonoJt
·eHH~x nyHKTOB. 
)l.CKHX (Eo6pyiicK, MHHCK) 
cKol!: H MorHJJCRCKOH o6na-
1.lHX '13CTOTY BpO}t{AeHHbiX 
:oi{ H CMbCKOH MeCTHOCTH. 
.eHHbiX pa3JJH'IHH 8 y.n.enb
a cpe)l.K ceJibCKHX JKHTeJJeli 
l\eHT BpOJK)l.eHHbiX rropOKOB 
•rO, 'ITO B CT3THCTK'IeCKHX 
B~COKOM 11pO!leHTe Bpo>K

te )lerei{ C 3THMH T!OpOK3MH 
>o.n.a rrpu po>K)l.eHHH. OpH 
' HH3KHM BeCOM (.li.O 3,5 Kr) 
eHo cymecr8eHHbiX pa3JJH· 

)lep>K3HHe 330Ta HHTpaTOB 
~bHoii runorpO<j>HH nJIO)la. 
IKH H3MeTHJlaCb BblpaJKeH
C'IeT HCnOJib3083HHSI rny

apHOH Ha,neJKHOCTbiO. Jro 
IHbiX orpa,nHTb opraHH3M 

nocTynHna 16/X 1974 r. 

Y .ll K!615. 31:547.2641. 016.8 

y 

cOnacrnonuMep», HoBO-

:a H3y'ieHO He)lOCTaTO'IHO, 
.illeHrpallHllX. HaMH npo
nHTCJJbHOM 8)1.~XaHHH ero 
.n.uax-caMnax . )I(HBOTH~e 
tCb )l.eilcT8HIO 6yTHJIOBOfO 
rpallHH 0,78±0,05 MrfM 3 , 
·2 MriM3. KaJK.n.aR rpynna 
!ll.laJIH nO 8 Kpb!C·C3Mll0B 
3pHTp0llHTOB . 
'HM cnoco6oM, Kpyrnocy
KaMepe, qepe3 KOropyiO 

IX onpeJJ.CJJMH 4 pa3a B 
nO H3MeHeHHIO )I,JIHTeJlb· 

. Pacraop reKCeHaJia BBo
'THJIOBbli% CnHpT BBOJlHJIH 
!.II bHO tlblJJO onpe)leneHo, 

pe3HCTeHTHOCTb 3pHT· 

UHllX. EoJJee BblpaJK:HHble H3MeHeHHR HB6JJIO)I.BJIHCb y Mblwel!:, BJlbiXBBUIHX 6yTaHOJI B KOHU eHTpa· llHIIX 6,6 H 40 MffM , XOTJI nepBal! KOHI(eHTp3llH.ll TIO'ITH B 2 pa3a MeHbUie, a BTOpall - T OJibKO s 4 pa3a 6oJJbUie npe)leJibHo )lonycTHMol!:. ToKCH'IHOCTb l'lyTaHOJJa npu snyrpH>Keny.llO'IHO 111 aaeJleHHH 3Ha'IHTeJibHO yMeHbWHJI3Cb (P<0,0J). )lJIHTeJJbHOCTb reKceHaJJoBOrO CHa yMeHbW HJiaCb B nepBOM cny'!ae 6onee GeM R 2 pa3a (P<O,Q!), aBO BTOpOM- ITO'ITH B 2 pa3a (P<0,05). EyTaHOJI H reKceHOJI OTHOCHTCJI K BemecTBaM HapKOTH'IeCKOfO ,lleHCTBHR, IT03TOMY BbiRB· JieHHble H2MH H3MeHeHHSI B peaKU.HH Opr3HH3Ma Ha HX O)l.HOKp3THOe BBe.lleHHe B OOJlbUIHX .1J.03aX npaBOMepHO OTHeCTH K SIBJieHHIO npHBbiK3HH.ll K H3pKOTHKY npH ero JJ.JIHTeJibHOM nOCTYT!JieHHH B Opf3HH3M 8 ne60JibUIHX Jl033X . 0o MHeHHIO pS1.ll2 IICCJie)l.OB2TeJ!eA (H. Jl.. fa)l.aCKHHa 11 COBBT.; E. 11. J1J06JJHHa H coasT., H .zlp .), npHBbiK3HHe He6eapa3JIH'IHO .llJill >KHBOTHblx " mo.neii. OHo conpoBO>K)laeTC.ll H ~np Sl)!(emteM KOMneHC2TOpHblX pC2KllHH opraHH3M3, KOTOpb!e Ha onpeJleJJeHHOM 3Tane .lleHCTHHII l!Jla 111oryr cMeHHTbCST )leKoMneHcaulleii. HeKoropoe yseJJH'leHHe ,llJIIITeJlbHOCTH reKceuaJIODOrO CH3 Y >KHBOTHbiX, TIO,llBepraBUIHXC!I ,l(eHCTBHIO .6yT2HOJI3 B KOHueHTP3llHII 40 MrfM 3
, no cpaBHeHIIIO C rpynnoi{ )l<HBOTHblX, B)lb!X3BWHX napbl .6yTaHOJI3 B KOH· uenTpBllllll 6,6 MrfM 3, OO~BII.LIHMOMy, CBHJJ.eTeJibCTByer 0 nO!IBJJeHHH TeH.lleHUHH K yMeHbiUeHHIO KOMnencarop>>L>IX peaKU.HH opraHH3Ma. 
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KalUI.. Me.n.. HayK P. B. IlempoB, B. H. Bopo6ef{ 

CAHHTAPHO-rHnfEHHYECKHE ACnEKTbl 

nocTynHna-=:2/1 X 1974 r. 

YAK 813.34:628. 16.067 

fiPHMEHEHHR HOBbiX CPE.!J.CTB 60Pb6bl C CIIHJibTPAU.HER HA BO~EMAX 
KHescKHA Hay'IHO·HccJie)l,oBaTenbcKHH RHCTHTYT . o6meii 11 KOMMYHaJibHoii rurHeHhl BM. A. H. Mapaeeaa 

11cCJJe,ll,oBaHHRMH YKpaHHCKoro HBY'IHO·HcCJJe)l.osarenbcKoro HHCTHTyTa rH.npore XHHKH H MeJIHOp8llHH YCT3HOBJieH8 B03MO>KHOCTb HCITOJ!b30B8HHSI B K8'1CCTBe npOTHBO<j>HJJbTpaUHOHHbiX A063BOK K rpyHT8M KYOOBbiX OCT3TKOB npOH3BO)l.CTB2 CHHTeTH'IeCKHX JKHpHbiX KHCJIOT (KOC)I(K) R COHpTOB (KOC)I(C), RBJISIIO!llHXC.II OTXO)I.3MH H~nepepa6aTbiB3101llCH npOMbiUIJieHHOCTH H npe,nnpH!ITHii, BblnyCK210lUHX MOIOIUHe cpeJlCTBa. )lnst perneHHSI BOnpoca 06 OIT8CHOCTH npHMC· HeHHR npenapaTOB 6blnO H3y'leHO BnH.l!HHe Ky6oBbiX OCT3TK08 118 YCJJOBH1! BO.ll0fl0Jib30B3HH!I. C UMbiO HCCJie)lOB8HH11 )leiiCTBHR npenapaTOB Ha opraHoJJenTH'ieCKHe CBOiiCTB8 BO)l.bl H C3HHT3pHblii pe)J{HM BO)I,OeMOB Ky60BbJe OCT3TKH BHOCHJIH B rpyHTbl JIO>K3 MO)l.eJJbHbiX 80.li,OeM08 8 COOTBeTCTBHH C TeXHOJIOrH'IeCKOfl CXeMOH opraHH33UHH npoTHBO<j>HJibTpa!lHOHHOH SalllHTbl. B BO)le MOJI.eJJbHbiX BOJlOCMOB onpeJI.enRJJH opraHonenTH'IeCKHe, a raK>Ke o6menpHHH1ble H cnellH<I>M'IeCKMe rj:>H3HKO·XHMHlleCKHe flOK333TeJIH KB'ICCTB3 BO)I,bl, BbiSICHeHbl 33KOHOMepHOCTH pa3· BIITHSI H OTMHpBHHSI canpocpHTHOil MHKpO<J>JIOpbl. YCT8HOBJieno, 'ITO 3KpaHbl, C03)laHHble KyOO· BbiMH OCTBTK3MH B )lOSaX 5 Tfra, He OK33b1B310T cymecTBeHHOrO BJIHSIHHll H8 Ka'leCTBO BO)I.bl MO · AeJJbHbiX BOJlOeMoB. ,lloaa KOC>KK. npeBbiUiaJOmall 5 r/ra, cnoco6CTByeT noRBJJCHHJO B BoJJ.e no· CTOpOHHero 3anaxa HHTeHCHBHOCTbiO 2-4 6anna H Herj:>TenpOJlYKTOB B KOHlleHTp3llHliX 0,3-0~ Mrh . · 
Jl.a3bl KOC)I(C 7,5 H 10 Tlra Bb13b1BaJOT B BOJle HHTeHCHBHYIO CTHMYJIRUHIO npoueccos 6no· XHMH'IecKoro norpe6neHH.ll KHCnopo.na H pa3BHTH.ll canpo<jJHTHOH MIIKpo<jl.nophl, HapywaJOT npo· lleCCbl 33p3llHH, 'ITO npllllOJlHT K CHH>KCHHIO B BO)I.e pacTBOpeHHOfO KHCJIOPOJl3 . 8JJHSIHHe Ha 3TH noKa3aTeJIH Ka'!ecTBa BOJI.~ 3KpaHoB, C03Jl3HHbiX KOC)I(C, npHMO CBll38HO c HX cnoco6nocTbiO Bbl)l.enRTb B nee 3HHOHH03KTHBHhle BeUleCTB3 B KOHlleHTp3llliS!X 0,1-J Mr/JI . 

105 



1m 
j oumal of 

Pllai'IIICIC\' and Pharmacology 

JPP 2008, 60: 63-70 
Cl 2008 The Authors 
Received June 13, 2007 
Accepted September 13, 2007 
DOl 10. 12111jpp.60. 1.0008 
ISSN 0022-3573 

Department of Pharmaceutics. 
The School of Pharmacy, 
University of London, 29/39 
Brunswick Square, London WClN 
lAX, UK 

Emma L. McConnell, 
Abdul W. 8asit. 
Sudaxshina Murdan 

Correspondence: S. Murdan, 
Department of Pharmaceutics, 
The School of Pharmacy, 
University of London, 29/39 
Brunswick Square, London 
WClN lAX. UK. E-mail: 
sudax.murdan@pharmacy.ac.uk 

Measurements of rat and mouse gastrointestinal pH, 
fluid and lymphoid tissue, and implications for 
in-vivo experiments 

Emma L. McConnell, Abdul W. Basit and Sudaxshina Murdan 

Abstract 

To use rodent models effectively in in-vivo investigations on oral drug and vaccine delivery, the con
ditions in the gastrointestinal tract must be understood. Some fundamental information is currently 
unavailable or incomplete. We have investigated the pH, water content and lymphoid tissue distri
bution along the gastrointestinal tract, as well as the stomach volume, as these were critical to our 
investigations on pH-responsive drug delivery and colonic vaccination . The observed values were 
compared with those in man as an indication of the validity of the rodent model. The mouse stom
ach pH was 3.0 (fed) and 4.0 (fasted), and the corresponding values in the rat were 3.2 (fed) and 3.9 
(fasted). The mean intestinal pH was lower than that in man(< pH 5.2 in the mouse;< pH 6.6 in the 
rat) . This brings into question the use of rodents in investigations on enteric-coated drug carriers 
targeted to the large intestine/distal gut. The water content in the gastrointestinal tract in the fed 
and fasted mouse was 0.98 ± 0.4 and 0.81 ± 1.3 ml, respectively, and in the fed and fasted rat was 
7.8±1 .5 and 3.2± 1.8ml. When normalized for body weight, there was more water per kg body 
weight in the gastrointestinal tracts of the mouse and rat, than in man. The stomach capacity was 
found to be approximately 0.4 and 3.4 ml for mice and rats, respectively. The low fluid volume and 
stomach capacity have implications for the testing of solid dosage forms in these animal models. 
Substantial amounts of lymphoid tissue analagous to small intestinal Peyer's patches were measured 
in the rat and mouse colon, showing the feasibility of colonic vaccination, a route which might 
prove to have different applications to the more commonly studied oral vaccines. The existence of 
lymphoid tissue in the mouse and rat caecum has also been reported. 

Introduction 

Animal models are used extensively in the pre-cli nical testing of drugs and vaccines. 
Rodents (mainly rats and mice) are often used due to their small size and low cost. 
Rats, having a relatively larger size and greater capacity for blood samples, are more 
useful for bioavailability studies, whereas mice are often used for vaccination studies . 
Despite the extensive use of these animals, certain features are either unknown or 
inadequately characterized, although a number of aspects of the mouse and rat gas
trointestinal (Gl) physiology have been reviewed by Kararli (1995) . During our inves
tigations into pH-responsive drug release at different locations in the gastrointestinal 
tract , and into colonic vaccination, we identified several key elements of gastrointesti
nal physiology that needed clarification to enable the use of rat and mouse model s in 
the in-vivo studies. These were the pH and fluid content along the gastrointestinal 
tract, the stomach volume and the presence of lymphoid tissue in the colon of the 
animal model s. 

The pH in the gastrointestinal tract is a crucial factor, affecting the stability and solu
bility of drugs and their absorption through the mucosa; unsuitable pH may cause the 
precipitation of acidic or basic drugs from solution, or the degradation of labile com
pounds. In addition, enteric-coated drug delivery systems for modified or targeted drug 
release are increasingly being investigated, for example using polymers such as 
polymethacrylate- and cellulose-based enteric coatings, which dissolve only when the 
pH of the environment exceeds a threshold level. In such a situation, knowledge of the 
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gut pH of the experimental animal is critical. Previous 
reports on the pH of the rat gastrointestinal tract are con
flicting (Smith 1965; Ward & Coaes 1987), while reports of 
pH in the mouse small and large intestinal tract were not 
found. 

The fluid content of the gastrointestinal tract is another 
critical factor in the dissolution of drug from a dosage 
form, and the dispersion of solid-dosage forms. Lomas & 
Graves (I 999) and Schiller et al (2005) suggested that 
water in the gut lumen of man was not homogeneously dis
tributed; this implied that a dosage form would be in con
tact with varying amounts of fluid or indeed none at all 
during its passage through the gastrointestinal tract. To 
enable better animal study design and extrapolation to man, 
or to better explain dosage form/drug behaviour in the 
rodent model, knowledge of the water content in these 
animals is important. 

In this study, we have investigated the stomach volume, 
fairly crudely, to give a rough indication of the volumes that 
may be administered orally to the animal models. To our 
knowledge, there are no reports of mouse and rat stomach 
volume, although maximum volumes to be administered by 
the oral route have been suggested (Wolfensohn & Lloyd 
1994 ). Gelatin capsule shells and mini-tablets have been 
administered to rats (Hu eta! 1999; Wong eta! 2006). 
Knowledge of the animal stomach volume would enable 
calculation of dosage form:stomach volume ratio, which 
would give an indication of the likely fate of the dosage 
forms, with respect to disintegration and drug dissolution 
and absorption. 

In our laboratories, we are also investigating colonic 
vaccination as it may have different applications to the 
more commonly studied oral vaccines, which are expected 
to be processed mainly by the small intestinal immunolog
ical system. Like the small intestine, the colon contains 
gut-associated lymphoid tissue. In man, there are approxi
mately 339 Peyer's patches (Comes I 965) in the small 
intestine, and approximately 12 000-18 000 follicles in the 
large intestine (Langman & Rowland I 986, I 992; Gebbers 
et al 1992). Presence of such a large number of follicles in 
man's colon implies the feasibility of vaccine uptake and 
processing in the colon. Very little is known, however, 
about colonic vaccine uptake, although significant differ
ences between the large and small intestinal immunologi
cal environments have been reported. For example, a 
predominance of IgA2 cells over IgA I cells is seen in the 
colon (as in the rectum and in the female genital tract) in 
contrast to a predominance of IgA I cells in the small intes
tine (McGhee et al I 999). Other benefits of colonic target
ing include the decreased proteolytic activity which may 
be beneficial for sensitive antigens and the higher transit 
time, which could lead to prolonged antigen contact with 
the lymphoid tissue and thereby increased uptake. Before 
mice and rats can be used in studies on colonic vaccina
tion, the presence and density of lymphoid tissue in the 
colon must be established. Although the lymphoid tissue in 
the small intestine of mice and rats has been well quanti 
fied (Hillery et al I 994; Florence et al I 995; Abe & Ito 
I 977), the lymphoid tissue in the large intestine has not, 
and has been reported here. 

Materials and Methods 

Animals 

All procedures were approved by the School's Ethical 
Review Committee and were conducted in accordance with 
the Home Office standards under the Animals (Scientific Pro
cedures) Act 1986. 

Adult female Balb/c mice (I 8-22 g) and adult female Wis
tar rats (160-190 g) were purchased from Harlan Olac Ltd. 
The animals were fed on Teklad Global I 8% Protein Rodent 
Diet, from Harlan Olac Ltd. 

Preparation and dissection procedure 

Groups of animals (n =5-8) were fasted overnight with free 
access to water, while other groups were allowed access to 
food and water at all times. The mice were killed by a Schedule 
One method (C02 asphyxiation), after which the intestinal tract 
was immediately removed and divided into sections: the stom
ach, the small intestine (into three sections approximating to 
the duodenum, jejunum and ileum), the caecum and the colon 
(into two sections approximating to the proximal and distal 
colon). Subsequently, the pH, water content and lymphoid tis
sue density of the different sections was measured as follows. 

Determination of pH of gastrointestinal contents 
The contents of each gastrointestinal section were removed, 
mixed and the pH was determined using a pre-calibrated pH 
21 I Microprocessor pH Meter (Hanna Instruments). pH 
measurements were taken a total of three times with the gas
trointestinal tract contents being re-mixed, the pH meter 
being washed with distilled water and the calibration checked 
between measurements. An HI I 333 probe was used, with a 
spherical tip (diameter 7.5 mm); it was ensured that the sam
ple covered the probe tip, and a stable reading acquired. The 
order in which the pH of the different gastrointestinal tract 
sections was read was varied within each group to minimize 
any influence of post-mortem time on pH. 

Determination of pH of standard rat/mouse chow 
To determine the influence of the animal feed on the pH of 
the gastrointestinal contents, the pH of standard rat/mouse 
chow was measured. Three pieces of standard mouse/rat 
chow (9. I 7 g) were mixed with IOmL of tap water until the 
food pellet had disintegrated, and the pH of the resulting mix
ture was measured using the same pH meter. 

Determination of water and solid contents of the 
gastrointestinal tract 
To determine the gastrointestinal water and solid contents, 
the wet mass of the section contents was recorded, followed 
by lyophilization (Virtis-Advantage Freeze Drying Appara
tus, Virtis, UK), measurement of the dry mass and calculation 
of water content. 

Determination of stomach capacity 
Approximate values for the volume of the mouse and rat 
stomach were determined by filling the stomach with distilled 
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water, and observing the results. The aim was to produce a 
rough estimate, as the method could only give a crude assess
ment of the volume, and was subject to investigator bias. The 
stomach, hand-held shut at the pyloric opening, was filled, 
using a syringe, via the oesophagus until it was considered to 
be comfortably full , with no obvious stress on the tissue (1), 
stretched (2), or to the point of bursting (or could no longer be 
filled) (3). 

Determination of lymphoid tissue patches along 
the gastrointestinal tract 
The method of Langman & Rowland (1986) was used. The 
emptied gastrointestinal sections were placed into glass vials 
containing 20 mL I 0% v/v aqueous acetic acid and incubated 
overnight in the refrigerator. Acetic acid was used as it 
enhanced the visualization of the lymphoid tissue. The fol
lowing day, the gastrointestinal tract sections were removed, 
opened lengthways, blotted dry and photographed, and the 
numbers of individual lymphoid follicles and patches (collec
tions of follicles) were counted. The mean number of patches 
or follicles per em was calculated from the data for the 
individual animals. 

Statistical analysis 

The data gathered from mice was analysed using parametric 
tests. The influence of fed (n = 8) and fasted (n = 7) states on 
mouse gastrointestinal pH, and water and solid contents were 
analysed using Student's Independent t-test. Differences 
between gastrointestinal tract sections for pH and water con
tent were analysed using one-way analysis of variance, with 
post-hoc analysis using Tukey's test. 

The data obtained from rats was analysed using non-para
metric tests, as the data did not fulfil the assumptions required 
for parametric tests. The influence of fed (n = 5) and fasted 
(n = 5) state on rat gastrointestinal pH, and water and solid 
contents were analysed using the Mann-Whitney U-test. The 
differences between gastrointestinal sections for pH and 
water content were analysed using Kruskai- Wallis, with 
Nemenyi ' s post-hoc analysis. 

All tests, apart from Nemenyi's test were carried out using 
SPSS Version 14.0 statistical software package. Nemenyi's 
test was conducted as described in Jones (2002). Results were 
considered statistically significant when P < 0.05. 

Results and Discussion 

The pH along the gastrointestinal tract of mice 
and rats 

The pH of the contents of the different gastrointestinal sec
tions of fed and fasted mice and rats are shown in Figures I 
and 2, and in Table I. The standard deviations showed varia
bility between individuals. Such variability has been 
observed in man (Evans et at 1988; Fallingborg et al 1989). 
The lowest pH was seen in the stomach, in both rats and mice. 
In both animals, the stomach pH appeared higher in the fasted 
state (3 .9 compared with 3.2 in rats and 4.0 compared with 
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Figure 1 pH values along the mouse gastrointestinal tract. Mean and 
error bars are shown . 

-o-- Fed rats (n = 5) 
8 --Fasted rats (n = 5) 
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Figure 2 pH values along the rat gastrointestinal tract. Mean and error 
bars are shown . 

3.0 in mice), although the difference was only statistically 
significant in the mouse. Higher pH in the fasted state was 
surprising given that, in man, the fasted gastric pH is lower 
than the fed gastric pH (fasted pH 1.7 increasing to 5.0 after 
meal ingestion in healthy subjects (Dress man et al 1990; 
Russell et al 1993)) due to the buffering effects of food 
(Malagelada et al 1976). However, this was dependent on the 
meal type, with high protein meals having increased buffer
ing effect over an isocalorific carbohydrate meal (Richardson 
et al 1976). In this study, the mice and rats were fed on a 
standard low protein (18% ), low fat (5%) diet. The low 
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Table 1 The pH values of the mouse and rat gastrointestinal tract 

Gastrointestinal 
section 

Stomach 
Duodenum 
Jejunum 
Ileum 
Caecum 
Proximal colon 
Distal colon 

pH mean (s.d.) 

Mice 

Fed Fasted 

2.98 (0.3) 4.04 (0.2) 
4 .87 (0.3) 4.74 (0.3) 
4.82 (0.2) 5.01 (0.3) 
4.81 (0.3) 5.24 (0.2) 
4.44(0.2) 4.63 (0.4) 
4.69(0.3) 5.02 (0.3) 
4.44(0.3) 4.72(0.2) 

Rats 

Fed Fasted 

3.20 (1,0) 3.90 ( 1.0) 
5.00(0.3) 5.89 (0.3) 
5.10(0.3) 6. 13 (0.3) 
5.94 (0.4) 5.93 (0.4) 
5.90(0.4) 6.58 (0.4) 
5.51 (0.5) 6.23 (0.4) 
5.77 (0.5) 5.88 (0.5) 

protein content of the animals' diet could be responsible for 
the absence of a food buffering effect. The pH of rat chow in 
water was 5.86 ± 0.06 and was therefore not responsible for 
the lower pH observed in the fed state. In addition, while the 
reasons for the difference between man and rodents are not 
clear, it is obvious that during experiments in man, fed and 
fasted states can be controlled more closely. In contrast, 
although the fed-state mice have free access to food, it is not 
known at what time they last ingested food, and in what quan
tity, and the immediate buffering effects of food may not 
have been observed. 

The pH of the small intestinal contents also appeared to be 
higher in the fasted state than in the fed state, but this was not 
statistically significant in rats or mice. This suggested that the 
fed state of the animal had no effect on intestinal pH, which is 
similar to the situation in man, where the small intestinal and 
colonic pH are variable, but differences are not largely asso
ciated with the fed or fasted states (Kalantzi et al 2006). As 
expected, the small intestinal pH was higher than the gastric 
pH, due to the secretion of pancreatic juice and buffering with 
bicarbonate ions. In mice, there was a small drop in pH in the 
caecum. This may be associated with the increased presence 
of short chain fatty acids produced by bacterial polysacchari
dases, bacteria being present in greater numbers in the cae
cum. Such a pH drop in the caecum also occurs in man 
(Evans et al 1988). Overall, the mean intestinal pH of both 
mice and rats does not reach the pH values reported in man 
i.e. 7.5, 6.4 and 7 in the distal small intestine, caecum and 
colon, respectively (Evans et al 1988). 

The stomach pH values for the rat and mice were similar 
to that reported by Smith ( 1965). In contrast, the mean intesti
nal pH values of both animals were lower than expected and 
did not reach the values of pH 6-8 that have been reported in 
the literature for rats (Smith 1965; Ward & Coates 1987), 
though some individual rat pH values were found to be above 
pH 7. Differences in the methodology may help explain the 
different values obtained. Smith (1965) mixed distilled water 
with rat gut contents, while Ward & Coates ( 1987) inserted a 
pH probe into sections of excised rat gastrointestinal tract. In 
our investigation, mixing of undiluted contents was carried 
out, which may be more representative of the pH that a drug 
or delivery system is exposed to, due to the continually 

moving intestinal contents. To our knowledge, this is the first 
report of the pH of mouse intestinal tract contents. 

The low intestinal pH in mouse and rat has implications 
for the in-vivo testing of oral pharmaceuticals in these animals. 
For example, drugs which require a basic pH to dissolve may 
precipitate at the lower pH values seen in the mouse or rat. 
This may prevent drug absorption and pharrnacokinetic 
extrapolation to man would be inaccurate. The lower pH seen 
in mice and rat gastrointestinal tract also has implications 
when pH-responsive drug carriers are being investigated. For 
example, the pH responsive polymethacrylate polymers such 
as Eudragit Sand FS, which dissolve at pH 7.0, but are water
insoluble at lower pH, are being investigated to target drug 
release to the distal intestinal tract e.g. for the treatment of 
diseases such as ulcerative colitis (Basil 2005; Ibekwe et al 
2006). The low pH values for the mouse and rat gastrointesti
nal tract shown in this paper (pH< 7.0) suggest that rats and 
mice may not be the most appropriate models for the study of 
pH sensitive dosage forms targeted to the human lower intes
tine and colon, where pH is often greater than 7.0. 

The water and solid contents of the mouse and 
rat gastrointestinal tract 

The contents of the gastrointestinal tract are generally semi
solid. Water, either ingested or secreted, exists as fluid in the 
gastrointestinal tract. In this study, we measured the water 
content by freeze drying; the solid and water contents of the 
gastrointestinal tract of mice and rats are shown in Figures 3 
and 4, respectively . As expected, total contents of the gas
trointestinal tract were greater in rats than in the smaller mice. 
There were more solid contents in the fed rat gastrointestinal 
tract than in the fasted rat. Water content was also higher in 
the fed state, possibly due to increased secretions and water 
bound with the ingested food. The total amount of water 
present in the rat gastrointestinal contents was similar to that 
reported by Cizek et al (1954 ), who measured water by evap
orating gastrointestinal contents to dryness and reported that 
gut water represented 1.8% (fasted) and 4.5% (fed) of total 
body weight (198-232 g) of female rats. In the mouse, differ
ences between the total solid and water contents were less 
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Figure 3 Water and solid compositions of the mouse gastrointestinal 
tract contents. Mean and error bars are shown. 
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Figure 4 Water and solid content of the rat gastrointestinal tract 
contents. Mean and errors bars are shown. 

obvious between the fed and fasted states, the small quantities 
making it more difficult to ascertain differences. As expected, 
the water concentration decreased along the length of the gas
trointestinal tract from 82% w/w of the small intestinal 
contents to 71 % w/w in the colon in rats, and from 74 to 67% 
w/w along the same segments in mice. The decreasing water 
content was observed visually as an increase in the viscosity 
of the gastrointestinal contents. 

In Figures 3 and 4, the most striking observation was the 
very low levels of fluid present along the gastrointestinal 
tract, the total mass of water in the mouse gut being less than 
I mL (0.98 ± 0.4 mL fed, 0.81 ± 1.3 mL fasted). In experi
ments where mice are orally dosed with solid or semi-solid 
drug delivery systems, the latter may not come into contact 
with enough fluid to disperse and/or dissolve. The rat seems a 
more appropriate model for the dissolution of drug delivery 
systems, which require contact with sufficient water. The 
larger water content in the fed rat (7.8± 1.5mL), compared 
with the fasted rat (3.2± 1.8 mL) suggests that if a dosage 
form is being investigated in the rat model, it may be benefi
cial to deliver it in the fed state, although interactions of food 
with drug or with dosage form may mean that this is not 
appropriate in all circumstances. 

To compare with human data, the mass of rodent intesti
nal contents with respect to total body mass has been calcu
lated. In man, the total large intestinal (colonic and caecal) 
water content post-mortem was found to average 187 g, or 
2.6 g kg- t body mass assuming a 70-kg body weight. For an 
average rat ( 175 g), the average (fed and fasted) colonic 
water content was 7.14 g kg - I or 16.9 g kg- 1 when the cae
cum was included. For an average (fed and fasted) mouse, 
the values were 7.8 g water kg- 1 body weight and 16.3 g kg- 1 

when the caecal contents were counted. In man, the small 
intestine has been reported to contain a total of 206 g water 
or 3.8 g kf1 (Gotch et al 1957). This compared with 11.1 g 
water kg- body weight in the rat small intestine, and 16.5 g 
water kg- 1 body weight in the mouse small intestine. The 
same authors found 118 g water in the stomach or 2.2 g 
water kg- 1 body weight. In our study, the corresponding 
values were 3.2 g kg- t in rats and 8.5 g water kg- 1 body 
weight in mice. Thus, when the values were normalized to 
take into account total body mass, more water per kg body 

weight was found in the gastrointestinal tracts of the mouse 
and the rat than in man. 

Interestingly, although the total water content reported 
in the small and large intestine in man was high (206 g 
(Gotch 1957) and 187 g, respectively (Cummings et al 1990)), 
Schiller etal (2005), using magnetic reasonance imaging, 
measured a median free fluid volume of I 05 ± 72 mL (fasted) 
and 54 ±41 mL (fed) in the small intestine, and 13 ± 12 mL 
(fasted) and II ± 26 mL (fed) in the colon. These values 
indicated that most of the gut water was in the bound state. 
This suggested that only a proportion of the water content 
was available for drug or dosage form dissolution, and the 
same is likely to be true of the water content in the animal 
models discussed. 

The volume of the mouse and rat stomach 

Drug or vaccine formulations are often given to experimental 
animals by oral gavage. Consequently, the volume of the 
stomach is considered an important parameter for oral dosing, 
and the results are shown in Table 2. The mouse stomach was 
approximately one-tenth the volume of the rat stomach. 
Wolfensohn & Lloyd (1994) have sugFested the upper limit 
for oral dosing in mice to be 20 mL kg- . Thus, for a mouse of 
20 g, the maximum oral dosage volume would be 0.4 mL. For 
rats, the recommended maximum is IOmL kg- 1; for a 200g 
rat this would give a dosing volume of 2 mL. These values 
correlate to some degree with the 'comfortably full' volumes 
shown in Table 2, despite the fact that post-mortem results 
would be likely to differ from an in-vivo situation, since 
elasticity and responsiveness of gastric tissue to pressure may 
be altered. 

Quantification of lymphoid tissue along the 
gastrointestinal tract of the mouse and rat 

The lymphoid tissue along the gastrointestinal tract can be cat
egorized broadly into, firstly, individual lymphoid follicles, 
which are seen as raised white areas, and secondly into patches, 
which are collections of individual follicles. In the small intes
tine these are referred to as Peyer's patches. No lymphoid tis
sue was observed in the stomach. However, significant 
amounts of lymphoid tissue were observed in the mouse and rat 
caecum (Table 3 ; Figure SA, B). Thus, we confrrmed previous 
reports on the presence of lymphoid tissue in mouse caecum 
(Owen etal 1991) and have reported, for the first time to our 
knowledge, the presence of lymphoid tissue in rat caecum. 

Table 2 Fill volumes of mouse and rat stomach 

I . Comfortably full 
2. Stretched 
3. On the point of 
bursting/could not be 
expanded further 

Volume (mL (s.d.)) 

Mice(n=IO) 

0.37 (0.09) 
0.55 (0.09) 
0.71 (0.11 ) 

Rats (n = 8) 

3.38 (0.52) 
4.63 (0.44) 
6.63 (0.92) 
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Table 3 Quantification of lymphoid tissue in the intestinal tract of Balblc mice and Wistar rats. The mean and (range) values are shown 

Mouse (n = IS) Rat (n=lO) 

Small intestine Caecum Colon Small Intestine Caecum Colon 

Mean length (range) 34.5 (29-39) 11.5 (9-14) 82.8(70-97) 13.9(12-18) 
Mean number of patches (range) 10.1 (3-15) 1.4(1-5) 11.6(7-15) 9.4(7-15) 1.2(1-2) 3.8(2-11) 
Mean number patches cm- 1 0.3 0.8 0.33 0.3 
Mean number of follicles (range) 57.5 (22-80) 18.1 (9-26) 39.4 (18-54) 207.5 ( 142-273) 13.5 (8-26) 38.6 ( 16-83) 
Mean number follicles per patch 5.7 12.9 3.4 30.6 12 28.5 
Mean number follicles cm- 1 1.6 3.4 2.1 3.4 

A 

B 

c 

D 

Figure 5 Lymphoid tissue patches in the (A) caecum of a Balblc mouse (scale bar= IOmm), (B) caecum of a Wistar rat (scale bar= IOmm), (C) 
colon of the Balb/c mouse (left proximal ; right distal) (scale bar= I 0 mm), (D) colon of the Wistar rat (left proximal; right distal) (scale bar= I 0 mm). 
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The numbers of Peyer' s patches in the mouse and rat small 
intestine (Table 3) were similar to those reported in the litera
ture: 6-12 Peyer's patches in mouse small intestine (Abe & 
Ito 1977) and 15 Peyer' s patches in the rat small intestine 
(Hillery et al 1994; Florence et al 1995). The values for the 
number of lymphoid patches in the mouse colon, however, 
are slightly less than a previously reported value of 1.4 
patches cm- 1 (Owen etal 1991). 

Examination of lymphoid tissue density along the gas
trointestinal tract revealed that in rats and mice, Peyer's 
patches were distributed randomly along the sections of the 
small intestine, with no predilection for a particular area 
(P > 0.05). Examination of the three small intestinal sections 
(roughly duodenum, jejunum and ileum) within each animal 
showed that there were similar numbers of patches and folli
cles per em, in all three sections (data not shown). Similarly, 
there was no difference between the number of patches per 
em in the proximal and distal colon (P > 0.05), which corre
lated with the random distribution reported in man (Langman 
& Rowland 1986). Photographs illustrating the random distri
bution of patches in the mouse and rat colon are shown in 
Figure 5C, D . 

There were, however, differences between the quantity of 
lymphoid tissue in the small intestine and colon. In mice, the 
number of patches in the small intestine and colon were simi
lar, but the number of individual follicles was much greater in 
the small intestine. However, taking into account the lengths 
of the respective sections, there were actually more follicles 
and patches per em in the colon (P < 0.05). In rats, there were 
significantly more patches and follicles in the small intestine, 
relative to the colon. Taking into account the large differ
ences in intestinal tract length in the rat, similar numbers of 
patches per em were seen between small intestine and colon 
(P < 0.05), and more follicles were found per em in the colon 
(P<0.05). Mouse colonic lymphoid patches tended to be 
smaller, containing fewer follicles than small intestinal ones. 
In contrast, rat lymphoid patches were of similar size in both 
the small and large intestine. The rat lymphoid patches were, 
in general, larger than mouse patches and contained a greater 
number of follicles. The presence of lymphoid tissue in the 
colon of mice and rats confirms that these animals could be 
used in colonic vaccination studies. 

Conclusion 

pH values of the small and large intestinal contents in mice 
and rats were lower than previously reported, and were lower 
than the pH levels in man . This has implications for the use of 
rats and mice in testing of drug formulations, such as pH
responsive drug carriers. The very low levels of fluid present 
in the mouse gastrointestinal tract cautions against the use of 
mice when drug dissolution from an oral dosage form is 
examined. The higher water levels in the rat, especially in the 
fed state, shows that the rat would be a more suitable animal 
model. Colonic lymphoid tissue was quantified and compared 
with small intestinal tissue, in both rats and mice. The signi
ficant quantity of lymphoid tissue in the colon in both animals 
highlights the colon as an immunologically important organ 
and shows that colonic vaccination may be studied in these 

animal models. Finally, the presence of lymphoid tissue in the 
mouse caecum was confirmed and its presence in rat caecum 
has been reported. 
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CALIFORNIA DEPARTMENT OF PUBLIC HEALTH 

FOR IMMEDIATE RELEASE 
April 15, 2014 
PH14-038 

CONTACT: Anita Gore 
Heather Bourbeau 
(916) 440-7259 

CDPH Submits Final Regulation Package 
Regarding Hexavalent Chromium (Cr VI) and Drinking Water 

SACRAMENTO - The California Department of Public Health (CDPH) today submitted 
to the Office of Administrative Law (OAL) its final proposed regulation establishing the 
first ever drinking water Maximum Contaminant Level (MCL) for hexavalent chromium 
(Cr VI) . More than 18,000 comments were received by CDPH regarding the proposed 
regulation . The proposed final regulation documents include the Summary and 
Response to comments received. 

The proposed final regulation will take effect after it has been reviewed and approved by 
OAL in compliance with the Administrative Procedures Act. This review can take up to 
30 working days to complete. Once approved , the regulation is then filed with the 
Secretary of State and will become effective the first day of the following quarter. 

"The drinking water standard for hexavalent chromium of 10 parts per billion will protect 
public health while taking into consideration economic and technical feasibility as 
required by law," said Dr. Ron Chapman, CDPH director and state health officer. 

If the regulation is approved as expected, implementation of the new drinking water 
standard for hexavalent chromium will begin July 1, 2014. 

Today's filing also complies with timelines imposed by the Alameda Superior Court in 
Natural Resources Defense Council, Inc. v. California Department of Public Health. 

The department's submission to OAL can be found on the CDPH website. 

www.cdph .ca .gov 



Bohn, Brent 

From: Sasso, Alan 
Sent: 
To: 
Subject: 

Thursday, August 22, 2013 3:06PM 
Elaine.Khan@oehha.ca.gov; Gibbons, Catherine 
RE: CA Cr6 MCL 

Thanks Elaine, 

Also, we've recently posted new information regarding the hexavalent chromium webinar to our website: 

http://www. epa .gov /iris/i risworksh ops/ cr6/i ndex. htm 

The panelist names, and the white paper are now public. 

Hope you can call in, despite the early time! We have a panelist in Italy, which is why the time is so early. 

Be sure to register if you haven't already. Let us know if you have any questions or need any clarifications on the new 
information posted. 

Thanks again, 

-Alan 

Alan F. Sasso, Ph.D. 
Office of Research and Development 
National Center for Environmental Assessment 
U.S. Environmental Protection Agency 
(703)-34 7-0179 

From: Khan, Elaine@OEHHA [mailto:Eiaine.Khan@oehha.ca.gov] 
Sent: Thursday, August 22, 2013 2:53 PM 
To: Gibbons, catherine 
Cc: Sasso, Alan 
Subject: CA Cr6 MCL 

Hi, Catherine and Alan. 

Fyi, California is releasing a proposed Cr6 MCL (10 ppb) for public comment. 
http://www.cdph.ca.gov/certllc/drlnklngwater/Pages/ChromiumG.aspx 

Elaine 
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Bohn, Brent 

From: 
Sent: 

Khan, Elaine@OEHHA <Eiaine.Khan@oehha.ca.gov> 
Thursday, August 22, 2013 4:22PM 

To: Sasso, Alan; Gibbons, Catherine 
Subject: RE: CA Cr6 MCL 

Thanks, Alan . I'm registered and looking forward to the workshop! 

From: Sasso, Alan [mailto:Sasso.Aian@epa.gov] 
Sent: Thursday, August 22, 2013 12:06 PM 
To: Khan, Elaine@OEHHA; Gibbons, Catherine 
Subject: RE: CA Cr6 MCL 

Thanks Elaine, 

Also, we've recently posted new information regarding the hexavalent chromium webinar to our website : 

http://www. epa .gov /i ris/irisworkshops/ cr6/i n dex. htm 

The panelist names, and the white paper are now public. 

Hope you can call in, despite the early time! We have a panelist in Italy, which is why the time is so early. 

Be sure to register if you haven't already. Let us know if you have any questions or need any clarifications on the new 
information posted. 

Thanks again, 

-Alan 

Alan F. Sasso, Ph.D. 
Office of Research and Development 
National Center for Environmental Assessment 
U.S. Environmental Protection Agency 
(703)-347-0179 

From: Khan, Elaine@OEHHA [mailto:Eiaine.Khan@oehha.ca.gov] 
Sent: Thursday, August 22, 2013 2:53 PM 
To: Gibbons, Catherine 
Cc: Sasso, Alan 
Subject: CA Cr6 MCL 

Hi, Catherine and Alan. 
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